Introduction
T h e interpretation of a sedimentation equilibrium experiment involves the use of a buoyancy term for the macromolecule under investigation. This is employed in the equation for the apparent weight-average molecular mass at radius Y [ 11:
Mw,app,r = d{r2} (1-6p)w2
in the form (1 -6p) where c, is the concentration of macromolecule at radius Y, R is the gas constant, T is the temperature, 6 is the partial specific volume of the macromolecule, p is the solution density and w is the angular velocity. This assumes that the partial specific volume required is that for the unsolvated macromolecule and also involves the solution density, which is frequently not known and will anyway vary down the concentration gradient of the macromolecule established by the sedimentation equilibrium. Not infrequently, the solution density is approximated to that of the solvent, or even just taken as 1.00-1.01 g/ml without further thought, and a value of around 0.72-0.73 mVg is taken for 6. Obviously, workers have often obtained acceptable estimates of fiw,app by using these values and so one might question whether this approximation matters. I would suggest that there are indeed circumstances where it does matter a great deal; I discuss them here.
Abbreviations used: CRP, C-reactive protein; DeM, decyl-fl-D-maltopyranoside; &, dissociation constant for dimerization; MIP, major intrinsic protein from bovine lens fibre membranes.
First, an obvious problem arises when the solvent displaced by the macromolecule has a density that differs markedly from water, when the buoyancy of the macromolecule will be altered. T h e extreme example occurs in isopycnic gradient sedimentation, where the sample bands at its equilibrium density, with minimal redistribution due to the molecular mass. Secondly, the macromolecule might be differentially solvated, e.g. binding water to the exclusion of salt, resulting in a lower density than otherwise, or conversely it might bind salt ions or detergent molecules, with a consequent unpredictable effect on its density. In either case, 6 [ = l/(particle density)] will be perturbed from that for a typical macromolecule.
The answer lies in measuring the apparent partial specific volume under the conditions used for centrifugation. Such a measurement will also give the solvent density as a by-product. However, performing the measurements under appropriate conditions has an important additional benefit. Casassa and Eisenberg [2] analysed the behaviour of multicomponent systems, both for sedimentation and light scattering, with the assumption of conditions of constant chemical potential of all diffusible components, i.e. at dialysis equilibrium where the macromolecule has been able to bind any solvent components to the equilibrium extent. [In their nomenclature, component 1 is the solvent (typically water), component 2 is the macromolecule and component 3 is all other diffusible ions or molecules.] They showed that the apparent partial specific volume (4') is given by:
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where po is the solvent density and (ap/aC2), is the partial derivative of solution density divided by the concentration of component 2 (the macromolecule) at constant chemical potential of all diffusible components (i.e. component 3), which is given by the system being at dialysis equilibrium.
Moreover, the molecular mass given by the usual equation, now recast into the form: corresponds to the species whose concentration was measured for c2 in determining the density increment, (ap/aC2),. For example, if a protein solubilized with (and binding) detergent is measured by amino acid analysis, the molecular mass obtained will be that for the protein component of the aggregate. The analysis of Casassa and Eisenberg [2] showed that this is rigorous and not an approximation.
I think that this is an important result that has tended to be ignored by many people working with analytical centrifuges, perhaps because they have been worried about measuring the density increment, and this has caused problems for their working with some of the more interesting, but potentially complex, systems. Measurement of solution densities is not difficult with the oscillator type of density meter [3] , as available from Anton Paar (Graz, Austria). These instruments require < 1.0 ml of sample, which should ideally be at 2 1 0 mg/ml, although I have obtained reasonable results with lower concentrations. The amount of sample required is therefore only -10 mg and it is recovered after the density measurement. In practice, determining the concentration of macromolecules is usually more difficult, although I have often used amino acid analysis of a protein sample. Here I shall illustrate some such determinations and the results that can be obtained by carrying out these measurements.
Examples of measuring 4'
Glycoproteins: the pentraxins A common example of a slightly unusual macromolecule arises with glycoproteins. Those of which I have experience are the pentraxins, a highly conserved family of plasma proteins comprising the classical acute-phase C-reactive protein (CRP) and the constitutive protein, serum amyloid P component [4-61. The only invertebrate homologue of the vertebrate pentraxins that has been reliably identified so far is the CRP of the horseshoe crab, Limulus polyphemus [7] . This protein is of additional interest both because the horseshoe crab is often regarded as a 'living fossil' and because it does not show the clear 5-fold symmetry characteristic of the other pentraxins.
We therefore investigated Limulus CRP [8] 
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densely charged, containing 10 acidic and 15 basic residues in this small peptide [12] , and it might therefore be expected to have abnormal ion binding in solution. When we wanted to determine its aggregation behaviour, we therefore started by measuring 4r.
Experiments were conducted with the peptide in 20 mM sodium phosphate buffer, pH 6.5, and gave po = 0.9994 glml and $r = 0.624 mVg. This is a very low value of 4r for a protein, almost certainly owing to substantial ion binding by the charged residues comprising -60% of the peptide. Using these experimentally measured 
complex
Another type of system that has a very wide application, and I shall illustrate, is that of membrane proteins solubilized in detergent, to give proteiddetergent complexes. The example I shall use is the major intrinsic protein (MIP) from bovine lens fibre membranes. MIP has a monomeric molecular mass of 28 kDa [13] and is considered a lens differentiation marker because it represents >50% of the total membrane protein in the mature fibre cell [14] .
Our study of the molecular mass [15] was part of a wider study of the structure, largely by electron cryomicroscopy, and we wished to establish the stoichiometry of the aggregation. After the investigation of several detergents, decylfl-D-maltopyranoside (DeM) was found to give the most stable preparation and so samples for analysis were taken in this detergent. Characterization of the density increment, measuring the protein concentration by amino acid analysis to estimate only the peptide, gave po = 1.0319 g/ml and 4' = 0.734 mVg. The resulting plots of n;[w,app against concentration (Figure 3) show an association that is best fitted by a monomer/tetramer association. This is fully compatible with the electron microscopy images, which showed a very thin disk-like particle, with a 4-fold appearance and rotational symmetry, when viewed normal to the disk. T h e dimensions fitted well with both the measured mass and also other work on MIP. As an aside, the protein-containing detergent micelle was eluted from gel permeation chromatography with an apparent molecular mass of 211 kDa, i.e. with -98 kDa of detergent, corresponding to -200 DeM molecules per MIP tetramer, or about two detergent micelles binding to each protein aggregate. I hope that I have shown that these techniques used together can provide useful information that is difficult to obtain in any other way.
Introduction
The dramatic increase in bacterial resistance to many antimicrobial agents creates a strong need for new therapeutic drugs. Genome sequence projects in combination with gene knock-out experiments will identify essential bacterial proteins that represent promising new drug targets. T h e requirement for large amounts of many new recombinant proteins for inhibitor screening and crystallization will challenge protein purification and characterization projects with respect to high throughput and quality.
Conventional protein purification methodology monitors progress of purification mainly by SDS/PAGE. However, SDS/PAGE is not sensitive for detecting protein aggregates that are not removed by purification. Protein instabilities can be caused by misfolded protein molecules that aggregate in a time-dependent manner. Recombinant proteins with homogeneous quaternary structures crystallize with higher probability [l-31 and give more reproducible results in biochemical assays than inhomogeneous recombinant proteins. Here we describe how we use quasi-elastic light scattering (QLS) analysis to monitor protein homogeneity and stability during and after purification and as a quantitative technique to complement data derived from analytical ultracentrifugation experiments.
Materials and methods
QLS analysis was done with a DynaPro-801 T C instrument (Protein Solutions Ltd., High Wycombe, Bucks., U.K.) with a 40 mW solidAbbreviation used: QLS, quasi-elastic light scattering. ' To whom correspondence should be addressed. state laser as light source (A = 842 nm), an internal thermostatically controlled sample cell and an avalanche photodiode as photon detector mounted at a fixed angle of 90". All measurements were done at 20 "C; samples from incubations at lower or higher tem~erztures were allowed to come to room temperature before injection into the sample cell. Insoluble components and dust were removed from samples by filtration through filters with a 0.1 pm pore size (Anotop 10; Whatman, Maidstone, Kent, U.K.) during injection. Ten data samples from one injection took about 10 min. About 200 p1 of protein solution was required for a measurement; the recovery of solution after the experiment was almost quantitative. Data were analysed with the software DYNAMICS (version 3.3) supplied by the manufacturer of the instrument. This software allows unimodal or bimodal analysis by fitting the obtained autocorrelation function with either one or two exponentials respectively. In this study all results other than those shown in Figures 2(g) -2 (i) were produced by unimodal analysis. The fitted exponential function returns the translational diffusion coefficient as the physical parameter measured directly by QLS. A baseline value is computed that represents the value of the fitted exponential function extrapolated to infinite time and should equal 1.000 in a unimodal analysis of a monodisperse sample. This baseline parameter turned out to be very sensitive for detecting aggregates that are present when its value differs by more than 0.003 from 1.000. Besides, other parameters (e.g. estimated molecular mass) that rely on assumed models for molecular shape and are therefore questionable [4] , the software displays a count
